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BARRIER MATERIAL 

Field of the Invention 

The present invention relates to a barrier material to ethylene oxide gas. 
Background of the Invention 

The use of ethylene oxide gas as a sterilising medium for medical articles is well known. 
A case in point is the use of ethylene oxide for sterilising catheters such as urethral 
catheters. This is typically achieved after the catheter has been housed in a container, for 
instance a transparent urine collection bag in the case of a urethral catheter, the bag being 
adapted for the urethral catheter to project therethrough into the urethra of a patient with 
urine drained from the bladder by the catheter being collected in the urine collection bag. 
The urine collection bag presents a pathway for the access of ethylene oxide into it for 
sterilising the catheter and the inner surface of the bag. This pathway is typically an inlet 
to the bag through which the catheter is placed into the bag. 


Many urethral catheters are provided with a surface coating which exhibits a reduced 
friction when wetted, thus facilitating insertion of the catheter into the lu^ethra. Non- 
limiting examples of such hydrophilic coatings are given in Applicant's European patent 
Nos. 0093093 and 021 7771 . It is therefore useful to include in the urine collection bag a 
fluid container which contains a wetting fluid for wetting of the catheter prior to use 
thereof. A typical wetting fluid is water or saline. It is preferable that the fluid container 
contain pre-sterilised water or saline and that the container be constructed from a barrier 
material to ethylene oxide gas as well as to the fluid contained in the container. This is 
because aqueous fluids can react with ethylene oxide gas to form 2-chloroethanol and 
ethylene glycol and trap unreacted ethylene oxide. This is not desirable as these toxic 
substances would be transferred to the urethra by the catheter after wetting thereof with the 
"contaminated" wetting fluid. 
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In WO-A 1-972693 7 (Astra AB) aluminium foil and polyvinylidene chloride (PVDC) are 
advocated for the manufacture of the fluid container. These materials, though, suffer from 
drawbacks for this application. In addition to the barrier requirements, the fluid container 
5 should be formed from an environmentally friendly material to ease the disposal thereof 
The container also needs to be formed from a material which is relatively inert to ethylene 
oxide gas otherwise 2-chloroethanol can be formed in the material of the container which is 
not desirable firstly because this will give rise to problems of handling of the container by 
virtue of the toxicity of this substance and secondly because the 2-chloroethanol may 
10 diffuse over time into the wetting fluid. Furthermore, the material of the container should 
not trap ethylene oxide gas since this may also diffuse over time into the wetting fluid to 
either form 2-chloroethanol or become trapped in the wetting fluid. The hitherto proposed 
materials for the fluid container do not adequately satisfy one or more of these criteria. 

15 The provision of a silicon oxide (SiOx) barrier layer in a laminate structure for yielding low 

oxygen and water permeability is known. For example, in JP-A-5084276 (Oike Ind. Co. 
Ltd) there is disclosed a storage package for an infiision agent formed from a laminate 
having an inner layer consisting of unstretched polypropylene (PP), an outer layer 
consisting of polyethylene terephthalate (PET) and an intermediate layer consisting of 
polyethylene terephthalate on which a silicon oxide film has been vapour deposited. In EP- 
,A2 -0550039 (Toyo Boseki KK) there is disclosed a laminate having low oxygen 
/permeability which includes an intermediate barrier layer in which a silicon oxide is 
deposited on a film of inter alia polyethylene (PE), polypropylene, polyethylene 
terephthalate, nylon or polyvinyl alcohol (PVA). In one example, a crisp packet is formed 
from a laminate comprising inner and outer layers of polypropylene with a 12 micron thick 
^b arrie r layer of a silicon oxide/ polyethylene terephthalate composite sandwiched 
therebetween. US-A-3442686 (Du Pont) discloses an oxygen and water impermeable 
transparent flexible packaging laminate having a polyester or polypropylene base sheet, a 
heal-sealable top sheet of polyethylene or a polyamide and an intermediate barrier sheet 
30 comprising a silicon oxide layer of thickness in the range 0.02-2.0|am. The silicon oxide 


layer is either formed on the surface of the base sheet or is formed on the surface of a 
polymeric substrate formed, for example, from polyethylene terephthalate. 

There is no disclosure in the art, though, of the effectiveness of such silicon oxide- 
containing laminates as barriers to ethylene oxide gas. Moreover, there is no disclosure of 
such laminates being relatively inert to ethylene oxide gas such that the formation of 2- 
chloroethanol is kept to an acceptable level or of such laminates not trapping ethylene 
oxide gas. 

It has surprisingly been found by the Applicants that a laminate having an inner layer 
which contains a polyolefin, an outer layer which contains a polyester, a polyolefin or a 
polyamide and an intermediate layer which contains a silicon oxide has a low permeability 
to ethylene oxide gas and is relatively unreactive with ethylene oxide gas. Such a laminate 
is referred to in the following Section as a "laminate of the type defined". 

Sxmmiary of the Invention 

According to the invention there is provided the use of a laminate of the type defined in the 
manufacture of a barrier material to ethylene oxide gas. 

The inner layer can allow a heat sealed container to be formed from the laminate which is 
impermeable or substantially impermeable to ethylene oxide gas by acting as a welding 
layer. Such a container may be formed by superimposing a first sheet of the laminate over 
a second sheet of the laminate such that the inner layers of the sheets are adjacent one 
another and then heat sealing along the superimposed edges of the first and second sheets. 

The outer layer acts as a reinforcement or strengthener for the laminate while the 
intermediate layer provides the laminate with its principle barrier properties to ethylene 
oxide gas. 


The polyolefin for the inner or outer layer may be a polypropylene or a polyethylene, 
including low-, high- and ultra high density polyethylene. If the laminate of the type 
defined is to be made into a sealed container which will be subjected to a high temperature 
then a high temperature polyolefin should be used for the iimer layer to retain the integrity 
of the container. Polypropylene would be appropriate for the inner layer if the container 
were to be subjected to steam sterilisation for sterilising the contents of the container where 
temperatures of up to 120^C could be reached. 

The polyester for the outer layer of the laminate may be polyethylene terephthalate. If a 
polyamide is used instead then nylon may be used. 

The silicon oxide-containing intermediate layer may be a layer of silicon oxide deposited 
in-between the facing surfaces of the inner and outer layers. This may be achieved by 
depositing silicon oxide on one or other of the facing surfaces of the inner and outer layers 
in a manner known per se, Altemately, the intermediate layer may be a composite layer 
comprising the silicon oxide and a polymeric matrix or substrate therefor, for example a 
matrix or substrate of a polyester such as polyethylene terephthalate, a polyamide such as 
nylon, a polypropylene or a polyvinyl alcohol. One such composite material is that sold by 
the Mitsubishi Chemical Corporation of Tokyo, Japan tmder the trade name Techbarrier-T 
in which silicon oxide is deposited on the surface of a polyethylene terephthalate or 
polyvinyl alcohol substrate to give the substrate a metallised siirface of silicon oxide. If 
need be there may be used a plurality of intermediate silicon oxide composite layers in the 
laminate. 

The silicon oxide in the laminate may be silicon dioxide (Si02), a non-stoichiometric 
silicon oxide (e.g. SiO) or a mixture of such silicon oxides. 

In a preferred embodiment of the invention the laminate of the type defined has an inner 
layer of polypropylene, an outer layer of polyethylene terephthalate and an intermediate 
composite layer of a silicon oxide with polyethylene terephthalate or polyvinyl alcohol. 


According to the invention there is also provided a container which has been exposed to 
ethylene oxide gas and which is formed from a laminate of the type defined. 

The present invention further provides an assembly which has been exposed to ethylene 
oxide gas comprising an article sterilised by the ethylene oxide gas and a sealed container 
formed from a laminate of the type defined. 

The assembly may be a medical assembly with the article being a medical instrument for 
use in a medical procedure and the container containing an article or substance which is to 
be applied to the instrument as part of the medical procedure. The instrument may be for 
use in an invasive medical procedure, for example a catheter for insertion into a body 
cavity. One such catheter is a urethral catheter which is for insertion into the urethra of a 
patient for inter alia drug delivery, use in treating prostate cancer or draining of a patient's 
bladder. To facilitate insertion of a iirethral catheter it is known to provide the catheter 
with a hydrophilic outer surface coating, such coatings having a reduced friction when 
wetted. With this in mind, the article of the assembly could be a hydrophilic outer surface 
coated urethral catheter and the container a wetting fluid container which contains a sterile 
wetting fluid for wetting of the hydrophilic coating of the catheter prior to use. The wetting 
fluid would typically be an aqueous liquid, for instance saline or water. 

Use of the laminate of the type defined to form a wetting fluid container for use with a 
hydrophilic urethral catheter ensures that little or no ethylene oxide gas or reaction 
products are transferred by the catheter to a patient's urethra after wetting of the catheter 
with the wetting fluid in the wetting fluid container. The effectiveness of the laminate of 
the type defined as a liquid and vapour barrier also ensures that the catheter is not 
prematurely wetted by the wetting fluid in the container. The wetting fluid container can 
also be made transparent which is advantageous since catheters may be for self- 
administration by a patient and the confidence of these patients in using the assembly 
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would be increased if the wetting fluid container were transparent so that they could see the 
contents thereof. The wetting fluid container would also be relatively easy to dispose of. 

In an embodiment of the invention such as those hereinafter to be described the sealed 
container is an inner container and the assembly further comprises an outer container 
having an inner volume accessed by the ethylene oxide gas in which the inner container 
and article are disposed. Where the article is a hydrophilic coated urethral catheter and the 
inner container is a wetting fluid container for the catheter, the outer container may be a 
urine collection bag. For access of the ethylene oxide gas to the inner volume of the outer 
container, the outer container may have an opening such as an inlet through which the 
article and inner container are placed in the inner volume and/or the outer container may be 
formed from a material which is permeable to ethylene oxide gas particularly if the outer 
container is a sealed enclosure. 

The assembly may be a sealed storage package with the outer container being the 
packaging in which the article and inner container are kept xmtil they are required to be 
used. In this case, the outer container would typically be made from a material which is 
permeable to ethylene oxide gas thereby allowing for access of the ethylene oxide gas to 
the inner volume. Alternately, the assembly may itself be contained in a storage package. 
In this case, the assembly will be exposed to the ethylene oxide gas and then put in the 
storage package. 

According to the invention there is yet ftirther provided a storage package which contains a 
medical instrument having a hydrophilic outer surface coating and a sealed container 
constructed from a laminate of the type defined which contains a sterile wetting fluid for 
wetting of the hydrophilic coating of the instrument. Where the medical instrument is a 
urethral catheter for bladder drainage the storage package may further contain a urine 
collection bag. 


According to the invention there is furthermore provided a process for forming a storage 
package containing a medical instrument having a hydrophihc outer surface coating and a 
wetting fluid container which contains a wetting fluid for wetting of the hydrophihc outer 
surface coating of the medical instrument comprising the steps of forming the wetting fluid 
container from a laminate of the type defined, subjecting the container to a steam or 
ganrnia radiation sterilising process to sterilise the wetting fluid in the container, 
assembling the medical instrument and sterilised wetting fluid container together into an 
assembly, subjecting the assembly to an ethylene oxide gas sterilising process to sterilise 
the medical instrument and enclosing the sterilised assembly in a storage package 
container. 

Brief Description of the Drawings 

By way of example embodiments of the invention will now be described with reference to 
the accompanying Figures of drawings in which:- 

Fig. 1 shows a first assembly comprising a urine collection bag, a hydrophihc urethral 
drainage catheter and a wetting fluid container integrated therewith; 

Fig. 2 shows a second assembly comprising a urine collection bag, a hydrophihc urethral 
drainage catheter and an unopened wetting fluid sachet integrated therewith in an 
operational position in the inlet of the urine collection bag; 

Fig. 3 is an exploded view of the unopened sachet of the assembly shown in Fig. 2 in the 
operational position in the inlet of the urine collection bag; 

Fig. 4 is a front view of the unopened sachet of the assembly shown in Fig. 2 in an 
extended configuration prior to insertion thereof into the inlet of the urine collection bag to 
the operational position; 
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Fig. 5 is a side view of the unopened sachet shown in Fig. 4; 

Fig. 6 is a perspective view of the unopened sachet of the assembly shown in Fig. 2 in a 
retracted configuration ready for insertion into the inlet of the urine collection bag to the 
operational position; 

Fig. 7 corresponds to Fig. 2 but with the wetting fluid sachet having been opened; and 
Fig. 8 corresponds to Fig. 3 but with the wetting fluid sachet having been opened. 
Description of Exemplary Embodiments of the Invention 

Referring first to Fig. 1, there is shown a first assembly 10 comprising a urine collection 
bag 1 of a transparent flexible plastics material. The bag 1 presents at the forward end 
thereof an elongate pocket 2 of depth sufficient to receive at least the insertable length of a 
hydrophilic urethral drainage catheter 3. The urine collection bag 1 fiirther defines to the 
rear of the pocket 2 a urine collection chamber 12 which is in fluid communication with the 
pocket 2. Further rearwardly is an inlet 14 to the urine collection bag 1 through which the 
hydrophilic urethral catheter 3 is able to be positioned into the bag 1 . 

As can be seen, the catheter 3 comprises a flared rearward portion 16 and an elongate shaft 
18 which extends forwardly firom the rearward portion 16 and terminates in a rounded tip 4 
at the forward end thereof The catheter 3 is provided with a lumen (not shown) which 
extends fi-om an open end in the rearward portion 16 to a drainage aperture 5 in the tip 4. 
The elongate shaft 18 of the catheter 3 has a hydrophilic outer surface coating of, for 
example, polyvinyl pyrrolidone (PVP). 

A container in the form of a sachet 6 is secured to the iimer sxirface of the urine collection 
bag 1 . The sachet 6 contains sterile water or saline or other fluid suitable for wetting the 
hydrophilic coating of the urethral catheter 3 and is piercable or otherwise openable, for 
example by applying a hand pressure, so as to release substantially all of the water or saline 


contained therein into the pocket 2 immediately prior to use of the catheter 3. The wetting 
fluid can be sterilised by steam sterilising the sachet 6 or alternately by irradiating the 
sachet 6 with gamma radiation. 

The assembly 10 needs to be exposed to an ethylene oxide sterilising process to sterilise 
the inner surfaces of the urine collection bag 1 and the catheter 3 prior to use. Since the 
sachet 6 contains sterile water or saline there is no need for sterilising the contents of the 
sachet 6. Moreover, ethylene oxide can become trapped in aqueous liquids and also react 
with aqueous liquids to form 2-chloroethanol. If such toxic substances were formed in the 
water or saline in the sachet 6 they would be transferred to the catheter 3 on wetting thereof 
and then on to the urethra on use of the catheter 3. Accordingly, the material of the sachet 
6 needs to have a low permeability not only to water and moisture but also to ethylene 
oxide, preferably so that there is less than 3ppm of ethylene oxide in the sterilised water or 
saline. Furthermore, the sachet 6 also needs to be formed from a material which does not 
trap ethylene oxide or react therewith to form appreciable levels of 2-chloroethanol in the 
/Sachet material otherwise these toxic substances would give rise to problems of handling 
the sachet 6 and/or could diffuse into the water or saline prior to opening of the sachet 6. 

In accordance with the invention, the sachet 6 is constructed from a laminate comprising an 
outer facing layer of polyethylene terephthalate, an inner layer of polypropylene and an 
intermediate layer made from the silicon oxide containing material Techbarrier-T marketed 
by the Mitsubishi Chemical Corporation of Tokyo, Japan. As will be shown hereinafter, 
such a construction gives the sachet 6 a low permeability to water/water vapour and 
ethylene oxide gas thereby alleviating the problem of contamination of the water or saline 
as well as only resulting in nominal residual levels of 2-chloroethanol and unreacted 
ethylene oxide in the sachet material after exposure to ethylene oxide gas. Also, the 
construction of the sachet 6 makes it relatively easy to dispose of after use. 

After the assembly 10 has been exposed to ethylene oxide gas to sterilise the catheter 3, 
inner surface of the bag 1 and outer surface of the sachet 6 the assembly is stored in a 
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sealed storage package to keep the assembly sterile until such time as the assembly is 
required to be used. 

In use, the inlet 14 is sealed, for example by tying a knot in the material defining the inlet 
14 or by clamping the inlet 14 with a clamp. The sachet 6 is then opened, for example by 
applying a pressure thereto through the material of the bag 1, to release the wetting fluid 
into the pocket 2 and the sterilised catheter 3 then left to soak for a predetermined duration 
in the wetting fluid to wet the hydrophilic outer surface thereof. Altemately, the bag 1 may 
be provided with a closed end in place of the inlet with the catheter 3 and sachet 6 pre- 
packaged inside the bag 1. An inlet 14 is preferred, though, as this provides an easy 
pathway for access of the ethylene oxide to the inside of the bag 1. Otherwise, the bag 1 
would need to be made permeable to ethylene oxide gas for the sterilisation of the catheter 
3, inner surface of the bag 1 and outer surface of the sachet 6. 

After wetting of the catheter 3 for the predetermined duration, the bag 1 is turned upside 
down and the forwardmost portion of the pocket 2 torn off. The elongate shaft 18 of the 
catheter 3 is then manoeuvred through the opening in the forward end of the pocket 2 and 
into the urethra of the patient until the flared rearward portion 16 forms a mechanical seal 
connection with the opening. Urine in the bladder of the patient is transported rearwardly 
through the lumen of the catheter 3 into the urine collection chamber 12. The catheter 3 is 
manoeuvred back inside the bounds of the bag 1 and the open end of the pocket 2 closed 
off for example by tying a knot with the material defining the pocket 2 or clamping the 
pocket 2 with a clamp. An opening can then be made in the urine collection chamber 12 
for the collected urine to be poured away after which the bag 1 and contents can be 
disposed of. 

Tuming now to Figs 2 to 8 of the drawings, there is shown a second assembly 110 which 
corresponds closely to the first assembly 10 described above with reference to Fig. 1 and 
like numerals are thus used to indicate like parts. 
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The difference between the second assembly 110 and the first assembly 10 is the design of 
the sterile wetting fluid containing sachet 106, the sachet 106 being of the same 
construction as the sachet 6 in the first assembly 10. 

As can be seen particularly by reference to Figs 2 and 3, the sachet 106 is held in the inlet 
1 14 of the urine collection bag 101 in an operational position by a friction fit. The sachet 
106 has a forward portion 120 which in the operational position of the sachet 106 projects 
forwardly into the inlet 114 and a rearward portion 122 which in the operational position 
projects rearwardly out of the inlet 114. The fit of the sachet 106 in the inlet 1 14 is not so 
tight, though, as to prevent ethylene oxide from entering and exiting the inside of the bag 
101 and sterilising the inner surface of the bag 101 and outer surfaces of the sachet 106 and 
catheter 103. The sterile wetting fluid is retained in the sachet 106 by peripheral sealing of 
the sachet 106 as shown. 

Referring now to Figs 4 and 5, the forward portion 120 of the sachet 106 presents a 
forward edge 124. Extending rearwardly from the forward edge 124 is a tear line 126. 
Projecting forwardly from the forward edge 124 of the sachet 106 to one side of the tear 
line 126 is a first tab 128. On the other side of the tear line 126 there is provided an 
elongate second tab 130 shown here in an extended position in which the second tab 130 
projects forwardly from the forward edge 124. 

As shown in Fig, 6, the elongate second tab 130 is movable about the forward edge 124 
back on its self from the extended position shown in Figs 4 and 5 to a retracted position in 
which the second tab 130 extends rearwardly from the forward edge 124. When the second 
tab 130 is in the retracted position the sachet 106 is inserted into the inlet 1 14 to the 
operational position shown in Figs 2 and 3. 

Retuming now to Figs 2 and 3, it can be seen that the dimensions of the second tab 130 are 
such that when the sachet 106 is in the operational position a pulling portion 132 of the 
second tab 130 projects rearwardly from the inlet 1 14 of the urine collection bag 101 and 
forms a part of the rearward portion 122 of the sachet 106. 
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In Figs 7 and 8 there is shown the operation of the sachet 106 to release the contents of the 
sachet 106 into the pocket 102 to wet the hydrophilic outer coating of the catheter 103. 
The user grips the first tab 128 through the flexible transparent plastics material of the bag 
5 101 and then pulls rearwardly on the pulling portion 132 of the second tab 130 which 
projects from the inlet 1 14 to cause the tear line 126 to be tom and the wetting fluid to be 
released into the pocket 102 to wet the catheter 103. 

After release of the wetting fluid into the pocket 102 the sachet 106 is removed from the 
bag 101 and disposed of The bag 101 and catheter 103 are then utilised in the manner 
hereinabove described for the assembly 10 shown in Fig. 1. 

If need be, the bag 101 can be a closed bag with the sachet 106 and catheter 103 pre- 
packaged within the bag 101. In this instance, the construction of the bag 101 is such that 
the bag is permeable to ethylene oxide gas and that the sachet 106 can be opened in the 
aforementioned maimer through the material of the bag 101. 

The sachet 106 has the advantage over the sachet 6 of Fig. 1 that it can better withstand the 
cyclical pressures which are typically exerted during the sterilising and packaging process 
as a consequence of the sachet 106 not having to be opened through application of a direct 
pressure thereto through the material of the bag 101 in which case a significantly weakened 
sachet edge would be required as a high pressure could not be applied through the bag 101 
without damaging it. 

25 The effectiveness of the laminate construction used for the sachets 6, 106 in the first and 
second assemblies 10, 110 hereinabove described with reference to Fig. 1 and Figs 2 to 8 
will be apparent from Table I in which the barrier properties of the laminate of the sachets 
6, 106 are compared with the corresponding properties of sachets formed from selected 
other materials well-known for use in food packaging. 
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As can be seen, the moisture and oxygen permeability of the laminate of the sachets 6, 106 
and the selected other materials are compared in columns 1 and 2 of the Table, these being 
the important properties for food packaging. This data is based on the information 
supplied by the manufacturers of the materials, the names of which are listed imdemeath 
Table I. Columns 3 to 6 of Table I indicate the residual amounts of ethylene oxide and 
2-chloroethanol in the sachet materials and water contained in the sachets after exposure of 
the sachets to an ethylene oxide gas sterilising process. The residual amounts were 
determined by gas chromatography at various time periods post-sterilisation. 

As can be seen from Table I, the two aluminium-containing laminates have low oxygen, 
moisture and ethylene oxide permeability. They further produce low residual amounts of 
2-chloroethanol in both the laminate and water direct after the ethylene oxide sterilisation. 
The drawback of these laminates, though, is that they are not easy to dispose of due to the 
inclusion of aluminium, and they have a high residual amount of ethylene oxide in the 
laminate direct after sterilisation. This high residual amoimt of ethylene oxide gas would 
be expected to slowly diffuse into the water and raise the residual amount of ethylene oxide 
or 2-chloroethanol in the water prior to use of the sachet. If, on the other hand, the 
ethylene oxide remained trapped in the sachet material or reacted with the laminate to 
increase the residual amoxmt of 2-chloroethanol therein this would complicate handling of 
the sachet. 

Table I shows that while polypropylene is a good moisture barrier it does not have a low 
permeability to gases such as oxygen and, more importantly, ethylene oxide. 

The ethylene vinyl alcohol-containing laminate tested has a low permeability to oxygen but 
not to ethylene oxide gas or moisture. The gas permeability results for this material shows 
that a material which is effective as an oxygen barrier is not necessarily effective as a 
barrier to ethylene oxide gas. 

Table I shows that a polyvinylidene chloride barrier has a low permeability to moisture, 
oxygen and ethylene oxide gas. Furthermore, only low residuals of 2-chloroethariol are 
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found in the water contained in the sachet formed from this material 5 days after . 
steriUsation. A large residual of 2-chloroethanol, however, is detected in the barrier 5 days 
after sterilisation. This material is also difficult to dispose of 

5 The aluminium oxide-containing laminate tested prima facie has the advantage over the 
aluminium-containing laminates that it is more environmentally friendly and thus easier to 
dispose of due to the lower amoimt of aluminium contained therein. As shown in column 4 
of Table I, though, the aluminium oxide-containing laminate is not as effective a barrier to 
ethylene oxide as the aluminium-containing laminates, or for that matter the 

10 polyvinylidene chloride barrier. As importantly, there are relatively high residuals of 2- 
chloroethanol in the laminate and ethylene oxide in the laminate and the water 5 days after 


Table I shows that the silicon oxide-containing laminate from which the sachets 6, 106 are 
15 constructed has a low permeability to moisture and ethylene oxide and only gives rise to 
nominal residuals of 2-chloroethanol and ethylene oxide in the material and the water 5 
days post-sterilisation. 


Table I clearly shows that the silicon oxide-containing laminate has markedly superior 
20 properties than any of the other tested materials for use in the formation of the sachets 6, 
106. Moreover, the silicon oxide-containing laminate is relatively easy to dispose off, 
especially when compared with the aluminium-containing laminates and the 
polyvinylidene chloride barrier material. 
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It will be appreciated by those versed in the art that the invention is not restricted to the 
specific silicon oxide-containing laminate of the exemplary embodiments but encompasses 
other silicon oxide-containing laminates faUing within the scope of the appended claims. 
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TABLE I 



Diffusion through 
the material 

Residuals in packaging material and in 
packed water 

Barrier Material 

90% RH 
(g/in2/ 
24h) 

23°C, 
0%RH 
(cm3/ni/ 
24h/atm1 

EtO 

(ppm) 

ECH 
(ppm) 




IVIaterial 

Water 

IVIaterial 

Water 

Aluminium laminate I 
PE 40-50 urn) 

< 0.5 <•> 

< 0.5 

>100^*> 

<1 w 

<o.i(''> 


AliiTTmniiiTTi IjirniTiJitp TT 

Ui.lllllXLii.il iCUlllllClLW J.X 

(PET 12iam/Al 9nm/ 
PP 60 \im) 

^ W. 1 

^ \J,l 

> 100 

<1 w 

<0.1<''> 

<0.1^''> 

Polypropylene 
rPP 500 \im\ 

1 m/\J\J L4,lll^ 

<1.0<^> 

150 

~ 80<*> 



<1 (4) 

Ethylene vinyl alcohol 
laminate 

(PE 20|am/EVOH 
30|am/ PE 50 |am) 

<50<« 

<1.0<^> 

~ 1 w 


<0.1^^> 

<0.1^^> 

Polyvinylidene chloride 
(PVDC 160 ^im) 

<1.0<" 

<o.i(^> 

< 0.1 
<0.1 

~ 3 <"> 
<0.1 

> 100 
-45 ^'^ 

<0.1 
<0.1 

Aluminium oxide 
laminate 

(PET 12|am/A10x/ 
PE 50 ^m) 

2-3 <•> 

3.5 <•> 

> 100 ''^^ 
~ 20 


~ 12 <"> 
~ 13 

<0.1<^> 
<0.1''> 

Silicon oxide laminate 
(PET 12|im/ 
SiOx Techbarrier-T/ 
PP 60^m) 

0.3-0.5 

(3) 

0.3 <^> 

>100 
<0.1<^' 

<1(4) 

<0.1 

<1<4) 

<0.1 

<0.1<^> 
<0.1<'> 
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(1) Danisco Flexible 

(2) Paolini, Infomiacion Tecnica 

(3) Mitsubishi Chemical Corp. 

(4) direct after sterilisation 

(5) 5 days after sterilisation 

(6) 21 days after sterilisation 


EtO = ethylene oxide 
ECH = 2-chloroethanol 
RH = relative humidity 
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